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ou COURSE OBJECTIVES 


1. The course is designed to make the students industry ready to 
contribute in the growing demand of the industry at local, 
national and international level. 

2.И will make the students competent to understand basic 
concepts and applications of advanced engineering physics 
and apply its principles in their respective fields at global 
platform. 

3. И will enhance the skill level of the students and shall make 
them preferred choice for getting employment in industry and 
research labs. 

4.lt will give thorough knowledge of the discipline to enable 
Students to disseminate knowledge in pursuing excellence in 
academic areas. © 
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Title 

Number | On completion of this course, the students 
are expected to learn 
Quote the basic fundamental concepts of lasers, | Remembe 
optical fibres, crystallography, X ultrasonic Г, 
oscillations, semiconductor physics, quantum е 
mechanics and nanotechnology. 

со2 Demonstrate the working of various lasers, fipre | Understan 
components, semiconductor devices; explain the d 
behaviour of crystalline solids, quantum and 
nano-scale systems. 

CO3 Solve problems by applying principles related to | Applying 
lasers, fibres, semiconductors, oscillations, 
quantum and nanoscience. 

CO4 Compare various lasers and fibres, | Analyze 
semiconducting devices, crystalline materials, 
structures at quantum and nanoscale on the 
„Жа their properties for industrial Figure 1.1 Manufacturing о 


- semiconductor Г11 


INTRODUCTION 


CHAPTER 1 
CRYSTALLOGRAPHY & ULTRASONICS 


TOPIC: Basic terms, types of crystal systems, 
Bravais lattices 
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cu LECTURE OBJECTIVE 


Ll 


Students will learn 
about 
crystallography 
branch and its 
importance. 


Students will 
understand how 
arrangements 
effect the 
properties of 
materials. 


.ntroduction ta 


-rystallography 


^onald E. Sanc 


Students will learn 
basic terms 
related to 
crystallography 
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SPACE LATTICE 
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UNIT CELL zu 
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Solids 
In the solid state 
the vibrating particles form 


ГАБА 
НЕ 


AMA 


a regular pattern. This explains 
the fixed shape of a solid. 

Liquids 

In a liquid the particles still touch 
their neighbors but they move 
around, sliding over each other. 


Gases Solid Liquid Gas 
In the gas state, widely-spaced Holds Shape Shape of Container бин Bai 
particles move around randomly. Free Surface 


Fixed Volume Fixed Volume Volume of Container 


This explains why you сап 
compress gases. 


Figure 1.2 Types of matter and their 
basic properties [2] 
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- TYPES OF SOLIDS 


A crystal or crystalline 
solid is a solid material 
whose constituents are 
arranged in a highly 
ordered microscopic 
structure, forming a crystal 
lattice that extends in all 
directions. For e.g. metals 
An amorphous or non- 
crystalline solid is a solid 
that lacks the long-range 
order that is characteristic crystal 


of a crystal for e.g. Glass- 
Ceramics. 


Figure 1.3 describing crystal and amorphous 
solid structure [3] 
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PROPERTIES 


Geometry: 
Crystalline Solids - Particles are arranged in a repeating pattern. They have a 
regular and ordered arrangement resulting in a definite shape. 

Amorphous Solids - Particles are arranged randomly. They do not have an 
ordered arrangement resulting in irregular shapes. 

Melting Points 

Crystalline Solids - They have a sharp melting points. 

Amorphous Solids - They do not have sharp melting points. The solid tends to 
soften gradually over a temperature range. 

Isotopism: 

Crystalline Solids - Anisotropic in nature. i.e., the magnitude of physical 
properties (such as refractive index, electrical conductivity, thermal 
conductivity etc.) is different along with different directions Тї 
Amorphous Solids - Isotropic in nature. i.e., the magnitfigi& 
properties is the same along with all directions of the 5402 


PROPERTIES 


Cleavage Property 

Crystalline Solids - When cutting with a sharp edge, the two new 
halves will have smooth surfaces. 

Amorphous Solids - When cutting with a sharp edge, the two 
resulting halves will have irregular surfaces. 

Rigidity: 

Crystalline Solids - They are rigid solids and applying mild forces 
will not distort its shape. 

Amorphous Solids - They are not rigid, so mild effects may change 
the shape. 


FORMATION OF CRYSTAL 
STRUCTURE 


Crystal Lattice 


* Regular three-dimensional arrangement of points in space 


* Space lattice 
+ basis = 
crystal 
structure 

* Space lattice 


* Basis 
< | 


Figure 1.4 crystal structure consisting basis 
and space lattice [4] 
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Space lattice 


Bravais lattice 


indefinitely 
repeated array of points 
in three dimensions in 
which the points lie at 
the intersections of three 
sets of parallel 
equidistant planes. 
BASIS-The crystal pasis | 
is defined by the type, 
number, and 
arrangement of atoms 
inside the unit cell. 


Figure 1.5 space lattice and 
basis [5] 
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Figure 1.6 crystal structure by joining space 
lattice and basis [61 


UNIT CELL 


g 

which has the 
overall symmetry 
of a crystal, and 
from which the 
entire lattice can 
be built up by 
repetition in 


Figure 1.7 unit cell [7] 
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өте PRIMITIVE UNIT CELL 


A primitive cell is a unit cel 
contains exactly one lattice point. 
It is the smallest possible cell. If 
there is a lattice point at the edge 
of a cell and thus shared with 
another cell, it is only counted 


half. Accordingly, a point located 
on the corner of a cube is shared 


Primitive Unit Cell 


Figure 1.8 primitive unit cell 


[7] 
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Non-primitive.cells are of three kinds: 
** end-centered : an extra lattice point is 
centered in each of two opposing faces 
of the cell 
% face-centered : an extra lattice point is 
centered in every face of the cell 
——— # body-centered : an extra lattice point is ON 
centered in the exact middle of the cell 
* They have larger volume than primitive 
< unit cell. / 


NON-PRIMITIVE UNIT CELL 


Figure 1.9 Body Figure 1.10 Face Figure 1.11 end centred 
centred cell [8] centred cell [8] cell [8] Е: 
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LATTICE PARAMETERS 


6 parameters 

Length of axis along 
X, y, Z aXis written as 
а, b,c 

Angle between y and 
2 axis is Q 

Angle between x and 
2 axis is В 

Angle between x and 
y axis is y 


Figure 1.12 parameters of unit 
cell [9] 
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CRYSTAL SYSTEMS 


Cubic 
Tetragonal 


Orthorhombic 
Monoclinic 


Triclinic 


Rhombohedral 
(Trigonal) 


Hexagonal 
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а* Ь = с, 
a =B = 90°, ү ж 907 


а = Ь жс, 
ат Вт ү = зо” 


а с, 
= ж 90° 


a=b 5 
а= В = 90°, y =120° 


Figure 1.13 Crystal systems 
[91 
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APPLICATIONS IN 
ENGINEERING 


X-ray crystallography is a 
powerful non-destructive 
technique for determining the 
molecular structure of a crystal. 


fundamental science 
applications for determining 
the size of atoms, the lengths 
and different types of chemical 
bonds, the atomic arrangement 
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Figure 1.14 x-ray experiment 
set up [101 


APPLICATIONS 
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Figure 1.15 bacteria 
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“As the crystal's repeating unit, its unit cell, becomes larger and 
more complex, the atomic-level picture provided by X-ray 
crystallography becomes less well-resolved for a given number of 
observed reflections. 


* |f the diffraction pattern is not clear, then the sample may not be 
pure and will be purified at this point. But other factors can prevent 
a diffraction pattern from being generated including a too-small 
sample (needs to be at 0.1 nm in each dimension), an irregular 
crystal structure, and the presence of any internal imperfections— 
such as cracks—in the crystal. 


FREQUENTLY ASKED 
QUESTIONS 


зе пе ax 


Justify use of X-Ray to study crystal structure. 
Is there any term like polycrystalline? 
Differentiate between crystalline and amorphous materials. 
Explain non primitive unit cell 

Define unit cell, space lattice, basis. 

How many crystal systems are there and describe them. 
Predict the unit cell for Мас! 
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SUMMARY 


**Crystallography is a field of science that deals with arrangements of atoms. 
**There are three types of matter of state. 

“Crystalline materials are those have periodic arrangements of atoms. 
* Space lattice and basis form complete crystal. 

**Unit cell is smallest repeating unit in crystals. 


“There аге 6 parameters of one unit cell. 


“There аге 7 crystal systems апа 14 Bravais lattice. 
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